We report measurements of the line broadening of thermal neutrons quasielastically scattered from room temperature methyl alcohol and methyl mercaptan in the liquid phase. The linewidths for CRaSH are found to be approximately twice those of CHaOH. This is interpreted to be additional evidence of the relative freedom of molecular motions and lack of hydrogen bonding in CHaSH. The linewidth data are discussed in terms of the simple diffusion model, and for methanol, in terms of a globular diffusion model. For methanol a diffusion constant of 3.25X 10-5 cm' sec l and a diffusing globule mass of ""-'3.5 molecules are in agreement with the data. An upper limit of D = 6.5 X 10-5 cm 2 sec l is found for the diffusion constant of CHaSH.
INTRODUCTION
The molecular dynamics of hydrogenous liquids has been one of the areas investigated by the technique of slow neutron scattering.1 This paper reports measurements of the line broadening of thermal neutrons quasi elastically scattered by liquid methyl alcohol CHaOH and liquid methyl mercaptan CHaSH at room temperature.
These two structurally similar molecules form an interesting pair for comparative study because of their different hydrogen-bonding properties. Association by hydrogen bonding is known to be predominant in methanol, while very little association is believed to occur in methyl mercaptan.
2 Additional information on the role that association plays in influencing the molecular dynamics of these molecules can be obtained from inelastic neutron scattering measurements.
Neutron inelastic scattering studies of methanol have been reported by Saunderson and Rainey,S Aldren, Eden, and White (CHsOD and CD s OH),4 and Sampson and Carpenter. 6 These are the first reported measurements on methyl mercaptan (preliminary data having been presented in Ref. 5) .
The above mentioned studies have reported both inelastic and quasielastic scattering data. This paper will discuss only the quasi elastic scattering from these molecules. The results of companion inelastic scattering measurements have been presented elsewhere. 6 • 6 Previous quasielastic data a . 4 have been analyzed in terms of the simple diffusion modeJ.7 While the agreement with this model has been quite good, it is, nevertheless, not satisfying from a physical viewpoint. Because of the strongly associated nature of liquid methanol, one would expect that single-particle centerof-mass diffusion would be unlikely.
The present results for methanol and methyl mercaptan are discussed in terms of the simple diffusion model and a globular diffusion model. We also comment on the influence of rotational-diffusion contributions to the line broadening.
EXPERIMENT
The measurements were performed on the phased chopper time-of-flight (TOF) spectrometer at the University of Michigan's 2 MW Ford nuclear reactor. This spectrometer is similar to the former Chalk River scattering law spectrometer developed by Egelstaff and co-workers at Chalk River and Harwell. 8 • 9 Details of the routine operation of the University of Michigan spectrometer have been described elsewhere. 5 
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The samples and sample holders have been previously described. 6 • ls Sample transmissions varied from 0.77-0.92 with the normal of the planar targets at a 45° angle to the incident beam. The quasielastic linewidth data were accumulated by cycling a sample and an empty target into the beam on an 8-min counting cycle. The signal from the sample was counted for 6 min while background from the empty dummy target was counted for 2 min. The signal and background were stored in separate portions of the merriory of a TMC 1024 channel TOF analyzer. Typical runs lasted from two to five days. Before or after each run the spectrometer resolution was measured by cycling a 4 in.X2.5 in.XO.125 in. thick roomtemperature vanadium target with an open beam. The orientation and position of the vanadium target were the same as that of the liquid samples. Several resolution runs were repeated and the FWHM of the elastic peak of the different runs agreed, usually to better than 5%.
Data were accumulated at scattering angles of 22.1°, 31.2°, and 47.5° using incident neutron energies from 13-46 meV. Energy resolution was about 8% of Eo.
DATA ANALYSIS
The modest spectrometer resolution made isolation of the quasielastic peak and subsequent analysis difficult.
The analysis proceeded on the assumption that the observed spectrum could be interpreted as a resolutionboradened Lorentzian function of the energy transfer. The Lorentzian linewidth was obtained as follows:
The spectrometer resolution was represented analytically by fitting a function of form
to the vanadium TOF resolution data. The quasielastic peak was then isolated by estimating and subtracting the inelastic background from the liquid data. A Debye-Waller factor (DWF) was included in the assumed Lorentzian symmetrized scattering law. This cross section expression, with the linewidth as a parameter, was convoluted numerically on a TOF scale with the fitted resolution function and compared with the isolated quasielastic peak. If no value of the linewidth parameter gave a reasonable fit, the inelastic background subtraction was modified and the procedure repeated. This procedure forces the isolated quasielastic peak to have a Lorentzian form. The resolution of these measurements is not good enough to draw any conclusions regarding the true line shape if it is not Lorentzian. However, previous measurements on many other liquids show that this is a workable assumption, and theoretical models 7 ,I4,I5 also support this choice. Indeed, it is only with resolution of the order of 0.1 meV, a factor of 10-30 better than these measuremen ts, that one might comment with any certainty on the true form of the line shape. 16 DWF's measured for CHaOD and CDaOH4 were assumed to represent separate DWF's for the methyl and hydroxy protons, respectively. The weighted sum of these factors was used in the convolution calculation.
Although this technique has been used previously,17 this treatment is inconsistent since the fact that the DWF's are different for the two types of protons indicates that the low-frequency portions of the scattering law are also different. Thus, although a weighted sum is not correct, it was found that the magnitude of the DWF had negligible effect on the linewidth determined by the convolution fitting procedure. This was determined by comparing the best fit values of the linewidth using different values of the DWF.
For CHaSH a DWF of exp( -0.6Q2), where Q is the momentum transfer in A-I, was assumed. While this is a strongly varying DWF, it is the same as that measured for CHaOD,4 and is reasonable from all the evidence supporting the idea that molecular motions in CHaSH are much less restricted than those in CHaOH.
A fit of the line shape, obtained as described above, to typical TOF data is shown in Fig. 1 . The inelastic background subtraction was modified once from the original estimate to obtain this fit. The procedure of modifying the inelastic background subtraction to force the isolated quasielastic peak to be Lorentzian resulted, in most cases, in a somewhat unphysical appearing background subtraction. This was manifested in the appearance of a bump in the background subtracted on the neutron energy gain side of the quasielastic peak. This bump could arise from having neglected multiple scattering or from using an incorrect DWF. Also, the true line shape may not be Lorentzian. However, the differences in the Lorentzian linewidths derived from different background subtractions were only typically 0.1 meV in a total width of several meV. Thus the procedure of forcing the isolated quasielastic peak to be Lorentzian is not thought to seriously affect the linewidths derived from these measurements.
Multiple scattering has been neglected in these measurements. This is justified on the basis of the results The uncertainty in the quasielastic linewidths (Figs. 2 and 3 ) is assumed to arise from independent uncertainties in the resolution measurement and the observed isolated quasielastic peak. The resolution width uncertainty was estimated by the reproducibility of repeated resolution measurements. The uncertainty in the isolated quasielastic peak width was estimated from the differences in this width obtained by different inelastic background subtraction. These uncertainties were combined by assuming that the observed quasielastic linewidth was represented by the convolution of a Gaussian resolution function with a Lorentzian linewidth. 6 While this assumption may not be adequate for the extraction of the Lorentzian width from the observed data, it is sufficient for the estimation of the Lorentzian width uncertainties.
RESULTS
The quasielastic linewidths measured in these experiments are presented in Fig. 2 The diffusion constant for CHaOH derived from these measurements, D=3.25Xlo-5 cm 2 seer, is somewhat larger than the cold neutron results and the macroscopic measurement. However, the differences are probably not significant in view of the relatively poor resolution of the present measurements.
In the above discussion the interpretation of the neutron measurements in terms of a macroscopic diffusion coefficient has more or less been implied. It is well known that a neutron quasielastic scattering experiment measures mainly proton motions on a time scale of the order of 10-12 sec. In addition to proton motion caused by center-of-mass diffusion, the neutron also "sees" proton jumping motions due to molecular reorientation, rotation, or jumps in a hydrogen bond, and the relaxation of proton and center-of-mass vibrational motion. Neutron experiments indicate that molecular diffusion is a combination of translational, rotational, and vibrational displacements. When an apparent diffusion constant is derived from neutron data on the basis of the simple diffusion model, as above, it may not, and often will not be the same as that determined by a macroscopic measurement. Thus, one should exercise care in comparing neutron measured diffusion constants with macroscopic measurements.
Because of the strong hydrogen bonding occurring in methanol, single-particle center-of-mass diffusion is an unlikely process. The globular diffusion model of Egelstaff23.24 is a physically more reasonable model for associated methanol. In this model self-diffusion IS pictured as a cooperative phenomenon in which neighLoring molecules move together collectively in Brownian motion. This model also reasonably represents the methanol linewidths using a diffusion constant D of 3.25XlO-5 cm 2 see l and a delay time parameter 23 . 24 c=O.15XlO-I2 sec as shown in Fig. 3 . The parameter c can be taken to be the delay time before the onset of diffusive motion and/or it can also be related to the diffusing globule mass. The above value of c yields a globule mass of "'-'3.5 molecules, a number in good agreement with association numbers determined by other methods. 2 5-27 Such good agreement is probably fortuitous because a range of globule masses on the order of one to five molecules could equally well represent the data. In view of the rather crude model, though, even order-of-magnitude agreement is comforting.
These results say, then, that simple diffusion of an aggregate of three or four molecules, with a delay time before the onset of diffusion on the order of 10-13 sec is in agreement with these data on methanol.
The results for CHaSH, Fig. 2 , can be represented by the simple diffusion model with a self-diffusion constant of 6.5X 10-5 cm 2 see l . Macroscopic viscosity and/or diffusion constant data to compare with these results have not been reported.
The fact that the linewidths for CHaSH are approximately twice those of CHaOH is additional evidence of the relative freedom of molecular motions in CHaSH. Since the measurements for CHaSH were performed at room temperature, above its atmospheric pressure boiling point of 5.96°C, it is expected that the viscosity is low and the self-diffusion rate high for methyl mercaptan under these conditions.
The work of Larsson and co_workersI5.17.2S.29 has demonstrated that the contributions to quasielastic linewidths arising from proton motion with respect to the molecular center of mass can be very significant. The Larsson-Bergstedt modeJ15 takes these so-called rotational contributions into account and has been used successfully to fit linewidth data at several temperatures for n-propyl alcohol and pentane. However, in addition to the relaxation times for the vibratory and diffusive motions for both the proton and the molecular center of mass, the model also contains several other parameters. It could be argued that any data might be fit using all these parameters. Although several can be determined separately from the neutron scattering data, data at several temperatures are still needed before the fits are meaningful.
In the Larsson-Bergstedt model (Cases III and IV) which are expected to hold for low viscosity, nonassociated liquids, rotational diffusion does contribute to the quasielastic linewidth. The slope of a linewidth vs Q2 plot (as Figs. 2 and 3) as Q2~ contains contributions from the proton jump length, center-of-mass self-diffusion constant, and radius of the thermal cloud of the proton.
It would be desirable to analyze the CHaSH data in terms of this model. However, there is not sufficient data available to meaningfully extract the various contributions to the CHaSH linewidths from the LarssonBergstedt model. Thus, D= 6.5X 10-5 cm 2 seer, derived from these measurements, should be taken as an upper limit for the self-diffusion constant of liquid methyl mercaptan at room temperature. This is because of the neglect of possible rotational diffusion contributions to the measured linewidths.
The results for CHaOH could also be discussed in terms of a rotational diffusion contribution. This is less likely in the case of methanol, because cold neutron mea~urements are in good agreement with the simple diffusion model. The low viscosity of methanol coupled with hydrogen bonding makes it seem likely that translational diffusion dominates. The results of the present measurements, although not in exact agreement with the macroscopic diffusion constant, are in agreement with a globular diffusion model which does not include rotational contributions.
CONCLUSIONS

Quasielastic linewidth measurements on CHaOH and
CHaSH have been compared and show additional evidence of the lack of hydrogen bonding in CHaSH.
The data for methanol yield a self-diffusion constant of 3.25 X 10-5 cm 2 see l on the basis of a simple diffusion model. This is somewhat larger than previous neutron and macroscopic results, but the difference is not believed to be significant in view of the relatively large uncertainty in the present measurements. Using a globular diffusion model for methanol, the data yield a diffusing globule mass of ",-,3.5 molecules, in good agreement with association numbers determined by other techniques.
The simple diffusion model fits the data for CHaSH with a diffusion constant of 6.5 X 10-5 cm 2 see l • This should be considered to be an upper limit for the diffusion coefficient of CHaSH because of the limitations of the model used.
